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MTrRQPLUIDIC DEVICES INCORPQRATI KG IMPRQVED CHANNEL GEOMETMES 

5 BACKGROUND QP THE INVENTION 

There has been a growing interest in the development and manufiacturing of microscale fluid 
systems for the acquimtion of ch»nicai and biochemical inframation, in both preparative and anaiyticai 
capacities. Adaptationoftedincdogies from the electronics indtistrytSU^ 
etching and the like, to these fhii^c systems has helped to fuel this growing interest 

\ 0 One of the first areas in which microscale fluid systems have been used for rhemica i or 

biochemical anaiysis has been m die area of capillary electrophoresis (CE). CE systems generaUy employ fiised 
silica g-a piilflrime, OT more recently, etched channels in planar silica substrates, fiUed with an appropriate 
separation matrix or medium. A sample fluid that is to be analyzed is injected at one end of the capillary or 
channel. Application of a voltage across dxe capillary then permits the electrophoretic migradon of the species 

15 within tiie sample. Di^crential electrophoretic mobilities of the constituent elements of a sample fluid, e.g., due 
to their differential net charge or size, pamitsthdrs^aradan,identilicadfHia^ Iteageneral 
discussion of CE methods, see* e.g., U.S. Patent Na 5.015 JSO. to Wiktorawicz, and U.S. Patent No. 5492,405 to 
Petersen etaL 

Fabrication of CE systems using planar chip technology has also been dBscussed. See, e.g., 
20 M aihies et al,, Prcc. NatM Acad. Scl (1994) 91: 1 1348-1 1352* Jacohscn et al., AnaL Chem. (1994) 66:11 14-1 1 18. 

Effenhauser et aL, Anal. ChenL (1994) 66: 2949-2953, However, typically, such systems employ a single sample 

introduction pohit, e.g., a single well for introducing samples that are to be analyzed in the capillaiy channel. 

This requites rinsing and reloading the well prior to each analysis. Ftnther, where one wishes to analyze larger 

numbers of sanqiles, larger components of each sample, e.g., large nucleic acid fragments, proteins and the like, 
23 can build up within the sample loading and separation channels, and/tor adsorb to capillary walls, eventually 

affecting the operation of the system. 

It would therefore be desirable to jirovide microfluidic devices, including CE systems, which 

permit faster analysis of multiple sam^ries, and do so with minimal and even reduced cost, space and time 

requiremmits. The present invention meets these and other needs. 



30 



SUMMARY OF THE I 
In a first aspect, the present invention provides a microfluidic device that comprises a planar 
substrate having a first surface. At least the first, second and third microscale channels are disposed in the 
interior portion, the second channel intersecting the first chaimel at a first intersection, and die third channel 
35 intersecting the first channel at a second intersection. A plurality of sample reservoirs is diqiosed in the body 
stnicnne with each of the sample reservoirs being coimected to the second channel. At least a first waste 
reservoir is connected to the third channeL 

Hie present invention also provides a microfluidic device as described above, with at least 
one sample leservoir bdng connected to the second channel and at least one sample reservou- being connected 
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to tbe thiid cham^L The device also inciudefi al least first and second waste rBservoiis, the first waste reservoir 
bemg connected to the first channel and the second waste resezvoir being connected to the second channcL 
In anodier aspect, the present invention also provides a micfofluidic device as described 
above, but ccHnprising a fseloading nnoduie in communication with the first diannel. The preloading module 

5 ecimpriircB ft first sample loading channel intersecting the first channel at a first intersection. The preloading 
module also inch^^ a fixst plurality of san^de reservoirs hi fiuid communication with the first sample loading 
chi ^tiriftl and a first load/waste reservoir in commnnication with the first sample loadiog channel between the 
first plurality of sample res«iroiTS and die first intersection. 

Hiis invention also provides a medit>d of analyzing a (^urality of samples using the 

10 microflnidlc device as desoibed above. A pfairaUty of sample leservoirB is disposed in the body structure, each 
of the sample reservoirs being connected to the second channel At least a first waste reserwnr is connected to 
theduidchanneL The nMthod also involves tianqiorting a sample material tern the first of the pluraliQr of 
sample leservoirs throu^ the seomd channel, through the first and second intersections, into the third channelt 
toward the first waste reservoir. A portion of the sample matoiai is injected at the first intersection into the 

15 first channeU transported along the first channel, and analyzed in the analysis channel. 

In a related aspect, the present invention provides a method of separating component 
elOTients of a san^ile material, using the microfluidic device described above* but comprising a plurality of 
sample leservoirs. Each of the sainple xeservosis ts connected to the secoiid channel and at least a fiistwa 
reservoir is connected to the AinichanneL The method also involves transpoiting the sample material from a 

20 first of said plurality of sample reservoiiB through the second channel, through the first and second 

intcarseetions, into the third channel, toward the first waste reservoir. A portion of the sample material is 
injected at the first intersection into the first chaziziel and transported along the first channel to separate the 
ctmiponent elements of the sample matonal. 

The present invention also provides for the use of a microfluidic device that includes a bcxiy 

25 structure having an interior portion ami an exterior portion, at least first, second 

disposed in the interior portion, the second chamiBl intersecting the first channel at a first intersection, the tiiird 
channel intersecting the first channel at a second intersection, a plurality of sample reservoirs in 
communication with the second channdl having a plural!^ of different sample materials disposed tiierein, and a 
waste reservoir in communication with the third channel, in separating component elements of the sample 

30 materials. 

Another aspect of die inventiim provides a microfiuidic device comprising an analysis 
channel and a sample loading channel in fiuid communication with the analysis channel at a first intersection* 
A plurality of sample sources is in fiuid conummicatitni witii the sample loading channel, whereby there b at 
least one of Che fdurality of sample sources in fluid conununication with the sample loading ^umnel on each 
35 side of the first intersection. First and second loadAwaste channels intersect the sample loading channel at 
second and third intersections, respectively. The second and third iniosections are on different sides of the 
first intersection. 
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in a finttifflc aspect* the present inventioa provides a micnifliiidic device co mprisi ng an 
analysis channeL A san^le loading channel is on a fint side of said amdy sis chaoiiel* and in^ 
analysis channel at a fisBtintBisection. A plurality of sample rcscfvoigB is in fluid c omimmi c atif m with die 
sample loading chann^ m a fiist side of the flist intersection and a waste diamiel is on a second side of the 
analysis channel, intersecting the analysis chamrel at a second intersectian. A waste reservoir is in fluid 
communication with the waste channel on the second side of the first intermtiott. 

Another aspect of the invention (Hovidcs a microfluidic device comprising an analysis 
channeL A sample loading channel intmects the analysis channel at a first intersection. The device also 
includes a sample preloading module which comprises a plurality of sample reservoiis and a waste reservoir 
disposed in the body stnictnre. Each <tf the i^iffailty of sample reservoirs and waste reservoir is ii& fluid 
t^ommimicfl ^"" widi the sample loading channel on the same side of the first intersection. 

In an additional aspect, the |Hesent invention provides a microfluidic device emx^ffising an 
analysts channel* and also including first and second transverse channels disposed in the interior portion, 
Thefirst transverse channel is located on a first side of the analysis diazmelt intersecting &e anaiy^ channel at 
a first intersection. The Koond transverse channel is located on a second side of the analysis channel^ 
intersecting Che analysis chatmel at a second intersection. A first sample source is placed in fluid 
communication with the first transverse channel, and a second samide source is placed in fluid communication 
with the second transverse channel. A first waste ehaimei is located at the first transverse channel at a third 
intersectifm and a second waste channel is located at die second transverse channel ata fourth intersection. 
The device also contains a material direction ssrstem for indi^duaily transportiiig a aamide fiom each of tiie 
first and second sample sources to the first and second waste channels via die first and second transverse 
channels, respectively, and selectivdy injecting the samples into the analysis channeL 

In yet anoth^ aspect, the present invention provides a microfluidic device comprising an 
analysis chaimeU and first and second transverse channels disposed in said interior portion. The first transverse 
channel is disposed on a first side of the analysis chatmel, intersecting the analysts channel at a first 
intersection. The second transverse channel is disposed on a second side of the analysis channel, intersecting 
die analysis channd at a second intersection. A piundity of sample sources is in fluid communication vdtii the 
first transverse channel. A first waste diannel is disposed in the int^or portion and intersects the first 
transverse chaimel at a tfiird intersection. At least a second waste channel is disposed in the interior portion 
and intersects the second transverse chatmel at a fourth intersection* The device also includes a material 
diiection system for individually transporting a sample from each of the first and second sample sources to the 
first and second waste channels via die first and second transverse channels, respectively, and selectively 
injecting the samples into the analysis channel. 

Another aspect of the invention provides a microfluidic device comprising an analysis 
channel and a sample loading channel disposed in fluid commnnication with the analysis channeL A plurality 
of sample sources is also provided in fluid communication with the sanq>le loading channeL 

In still a further aspect, the invention provides a method for analyzing a plurality of different 
materials with a microfluidic device which includes an analysis chaimel. A sample loading channel is disposed 
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in device and imeisects said analysis channd at a fimint^^ A piuxaiity of sample sources is in fluid 
commumcatian witfi said sample loading channel. A first sample is tiaospaxted ftom a fitst of said plurality of 
sam{desoiiices,dirou^ said sample loading channel 10 said first inte^ A portion of said fiist sample is 

injected into said analysis channel; analyzing said ponion of said first sample in said analysis channel. A 

5 second samide is tzanspoited &om a second of said plurality of sample sources tfarongh said loading channel to 
said interaction. A portion of said second sample is ityected into said analysis channel; analyzing said portion 
of said second sample in said analysis channel. 

A fiorther aspect of die invention provides a mediod of performing analysis on a plurality of 
diffierBnt sample materiais with a microflaidic device which comprises a planar sufastrate having a first surface 

10 with an analysis channel. The device also includes a $an4>le loading chann^ which intersects said anaisrsis 
channel at a fir^intersecdon, a sample prdoading module which cominises at least first and second sample 
reservoirs and a waste resenrair disposed in said body stnieture, wherdn eadi of sai^ 
reservoirs and said waste reservoir are in fluid conununtcation with said sample loading chamieL A sample is 
transported from said first sample reservoir to said first intersection. A portion of said first sample is injected 

15 into said analysis channel. Said portion of said first sample is concurrendy analyzed in said analysis channel, 
and a second sanqsle fixsm said second sample reservoir is transported into said loading channel and then to 
said waste reservoir. Said second sample is transported from said loading channel to said intersecdon and 
injected into said analysis channel and analyzed in said analysis channel. 

The piesem invention also pnivides amicroflnidic device that includes a body structure with 

20 an analysis channel di8p<»ed therein. Aphmlityofsanqple sources is also ^Usposed in the body stracture, 

where eadi sample source is in fluid communieadon with a first point in the analysis channel via one or more 
sample channels. The channel disunce between a flr^ of die plurality of sample sources and the point in the 
analysis channel, is substantially equal to a channel distance between a second of the plurality of sainple 
sources and the point in the analysis channel. 

25 It is a finther aspect of the invention to provide a nucrofiuidic device comprising a body 

structure widi an analysis channel and a first sample introduction chanuel disposed in the body structure, where 
the sanqile introduction channel intersects the analysis channel at a first poim. A first plurality of sample 
sources is di^osed In die bo^structnre, whereeachof the first plurali^ of sample sources is in fluid 
commimication with the first sample Introduction ciiannel via a first plurality of separate sample chatmels 

30 disposed in the body strticture^ respectively. The channel distant between a first of the first plurality of 

sample sources and the first point is substantially equal to a channel distance between a second of die plurality 
of sample source and the first point 

Another aspect of the invention is a microfiuictic device comprising a body stfuccoiB with an . 
analysis channel and a sample loading chaiuiel iniersecttng and in flttid commimication with the analysis 

35 channel. In accordanoe with this aspect of die invention, the analysis channel'Bnd the sample loaifing channels 
typically have a width of less than 50 |im. A plurality of auiq>ie sources is also laovidedin fluid 
commimication with said samite loading channel. 
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In a telaiBd aspect, the present mvention provides a method of mamifiacdirnig a mictnfhiidic 
devicp comprising fabri'?»*'"g » piig»llty of ehannftla itt a first pianar surface of a first siAstrate, Thspluiality 
of c**»«i««ig typically inclnrfw an analysts channel, a sample loaifing chaimel cfisposed on a first side of tlie 
analysb r^aniwd and intenecting the analysis channel at a first intersection. Also included is a pluxality of 

5 sample dianncls intenecting dte saa4)le loading channel on a first side of the first intersection* aiKi a waste 
channel disposed on a second side of die analysis diaoneU and intersecting the analysis channel at a second 
intCTsection. A second planar sub^xate is overlaid on the planar surface of the first substrate to seal the 
plurality of chaxmeis. The second planar substrate has a plurality of ports disposed therethroughi which is 
comprifisd of two ports in oommmiicatloa with opposite ends of the analysis channel, a waste port in 

10 commtmicatitm with an umntersected tenninns of the waste diamiel» and a plurality of sample ports each in 
separate conmnmicadon with the imintearsected termini of the sample channels. 

A fiulher aspect of (he invendon provides a microfliiidic device ha^ng an analysis 
and a sample loading channel wfudi intErsects the analysis channel at a first uiiersection. Also included is a 
plurality of sample sources disposed in flidd commiuiicadon with the sample loading chaimei, for analysis of 

1 S eadi of the plurality of samples. 

In an additional aspect, the present invention provides kits embodjong the methods and 
^speratus heieiiL Kits of the invention optionally comprise one or more of the fcdiowing: (1) an apparatus or 
Bpparsssa component as described herein; (2) instractimis for pracdctQg the methotls described herein, and/or 
for operating the iqiparatus or apparatus coDiponentsherehi; (3) one or more assa^ (4) a container 

20 for holding ^iparaius or assay ccnnpfmenis; and, (5) packaging materials. 

BRIEF PKSCRTmoW OFTHBJWGyWS 
figure lA-lC scfaeznaticalty illustn^ the channel reservoir geometries employed in the 
devices of the present invendoiu and their opexadcm in loading and injection of multiple samples (Figure 1 A and 
25 IB) and in sample preloading (Figure IQ. 

^guie 2 is a schematic lllustradon of the chronology of the various material transport steps 
involved in perfonning ciqiillary electrcqyharesis in a microfluidlic device of the inesent invention (bottom) as 
compared to a CE system lacking a preloading feature (top). 

Figure 3 illustrates one embodimem of a microfiuidic device incorporating an improved 
30 channel/sample well geometry for perfonning serial analysis of multiple samples. 

Figure 4 illustrates another embodiment of a microfiuidic device incorporating an improved 
channel/sample well geometry for perfonning serial analysis of midtiple samples. 

Figure 5 Illustrates still another alternate channel geon^try in a microfiuidic device fior 
performing serial analysis of multiple samples. 
35 Hgure 6 is a plot of retention times fix fluorescendy dyed nucleic add fragmmts ixqected into a 

C£ channel fabricated iioo a substrate employing the improved ehaimel/sample weU geometry of the present 
invention. 

Figure 7A-7C are plots of fluorescence vs. time for a set of PCR fiagments intercalated with a 
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niURescent dye (Figure 7A), FliiX174 DNA. cleaved with Haein and iniacalatBd with a fluorescott dye (Figtue 
7B) and a buffer Uank (Hgure TO* serially iqjected into the analysis diannei of a microfhiidic device 
inccffpoTBting the chanoel/aample well gecnseciy of die present invention. 

Hgmes 8A and SB iUustnoe nndeic acid separation analyses p ei fui i n ed in micraHQidxc devices 
S having 30 |un channel widths (i^gnre 8A) and 70 }un channel widdis (Hgure 8B). 

DBTAnJBD DESCMPTION OF THE INVENTION 

L General 

The present invention generally provides microfluidic devices which incorporate improved 
10 channel and reservohr ge<Hnetries« as well as methods of using these devices in the analysis, preparation, or other 
manipulation of fluid borne materials, to achieve higjher throughputs of such ntalsrials throu^ tliese devices, with 
lower cost material and/or space l equir cmentB. 

As used herein, the term "microfluidic device or system** generally refm to a device or system 
which incorporates at least two intersecting channels or fluid conduits, whm at least one of the channels has at 
15 least one cross sectional dimension in the range of from about O.l to about500 ^m, prefer^ly from about 1 to 
about 100 lun. 

The miorofluidic devices of the present invention comprise a central body stnictuic in which 
the various mkrofluidic elements are disposed. The body structure isxcludes an exterior poction or surface, as 
well as an Interior portion which defines the various microscale channels aisd/br chambers of the overall 

20 microfluidic device. Forexample, the body strucluies of the nticrofliiidic devices of the present! 

typically en4>loy a stdid or semi-solid substrate that is typical^ planar m structure, i.e., s ub st anti ally flat or 
having at least one flat surface. Suitable substrates may be fabricated from any one of a variety of materials, or 
combinations of materials. Often, the planar substrates are manufactured using solid substrates common in the 
fields of microfabrication, e.g., silica-based substrates, such as glass, quartz, silicon or polysilicon, as well as 

25 other known substrates, Le., gallium arsenide. In the case of these substrates, common microfabrication 

techmques, such as i^otolithographic techniques, wet chemical etching* nucramacfaining, i.e., drilling, milling 
and ±e Eilm* may be readUy applied in the fabrication of microfluidic devices and substrates. Aitcmatively, 
polymeric sutorate materials may be used to falnicate the devices of die present invention, inc lu di n g. e.g.» 
polydbnethylsiloxanes (FDMS), polymethylmethacrylate (FMMA), polyurethane, polyvinylchloride (PVC), 

30 polystyrene polysulfbne, polycarbonate, polymediylpentene, polypropylene, polyethylene, polyvinylidine 

fluoride, ABS (acrylonitrilc-buiariicne-styrenc copolymer), and the like. In the case of such polymeric materials, 
injection molding or embossing methods may be used to foma the substrates having the channel and reservoir 
geometries as described herein. In such cases, original molds may be fabricated using any of the above ctescribed 
materials and methods. 

35 The channels and chambers of die device are ^pically &bricated into one surfoce of a planar 

substrate, as gnsoves, wells or depressions in that surfioce. A second planar substrate, ^pically prepaied from the 
same or similar material, is ovolaid and bonded to the first, thereby defining and sealing the diannels and/or 
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chamisers of die device. Togedicr* the upper surface of die fimsubstraiB, and 

upper subulate, define the interior portioji of die devke, i.e.. definipg die cliamiels and chnmhers of d» device. 

In die deuces descaibed hmin. at least one main ^tanneU also termed an analysis chnnnei. Is 
disposed in die surface of the substrate throu^ vAdch samples are transported and snbjected to a particular 
5 analysis. Typicallyi a mmiber of ^mpks are seriaUy transported fixun their respecdve sc^^ 

the main channel by placing the sample in a transverse channel that intmects the main channeL This channel is 
also termed a "sample loading channel." Tho sample sources are preferably integrated into the device , e.g^ as a 
plurality of wells disposed within the device and in fhiid communication widi die sample loading channel, e.g., by 
an intermediate sample channel. However, the devices of the inventi(» may aho indude sample sources that are 
1 0 external to the bcxly of the device, per se, but still in fluid oommunicalion with die sample loading channel. 

Tbe sample in die loading gi«nnfel is drawn or transported across the intersection of the loading 
channel with the aoalysis channel. Hie volume or 'plug' of sample diat is disposed within die inlersecdon of 
diese two channels is then drawn down dw analysis channel wheret^Km it is subjected to the desired analysis. 
The intra^ection of two channels, e-g., as in the main channel and loading channel, may be a or "three-way" 
15 intersection, where the loading channel intersects with and terminates in dw main channel, or vice veisa. 

Alt£matively» die two channels may intersect and cross each other, creating a "four-way** intKsection. In this 
casBsdievohmieof asamidethatisiiyectedisdirecdyrBlaiedtothevtilumeoftheinCBrsecdon. Where largor 
volumes of samples are desired, one may generally stagger the inieisecdon of the inlet side of die sample loading 
channel, e.g., the sample side, and the intersection of the ontlec udeof die loading channel, eg., the waste side, 
20 whereby mm sample is disposed within die analysis channel during loading, e.g., as defind by the Iraigdi of the 
analysis channel between the staggered intersections. 

For ease of discussion, die devices and systems of the pr^nt invention are generally described 
in terms of the performance of c^;iillary eiectrophoretic analysis (CE) on a sample. Accoidingly « for such 
operatians, the main or analysis channel generally Includes a sieving mauix, buffer or medium disposed therein, 
25 to optimize the eiectrophoretic separadon of the constituent elements of the sample. However, it will be 
s^preciated upon reading the instant disclosure thai the microfluidic devices incorporating the improved 
geometries described herem are also applicable to a wide variety of ntm-CB appUcadons, and may be used to 
perform any of a number of different anaiydcal reactions on a sample, e.g.. as described in commonly assigned 
Intemadonal Applicadon Ho. WO 98/00231, which is hereby incorporated herein by refmnce in its entirety for 
30 all purposes. 

As noted above, the devices of the present invention employ channel and reservoir geometries 
diat reduce the costs associated with producing the device, by ledudng the amount of material reqiured to 
fabricate die device itself. In addition, the devices of the invention are able to peifarm analyses with a much 
higher tfaroughpot rate, as well as facilitatB those analyses, by: (1) reducing the distance which a particular sample 
35 must travel, or be iranspcKted, from its origin on the device to die analysis region or channel; (2) equalizing the 
distance that any two samples must travel from their origins to the analysis region or channel, and thus, equalize 
any effect that such transport has on that sample; (3) increasing the number of samples that may be placed into a 
smgle device; (4) allowing one sample to be analyzed while another is being drawn into place, or "preloaded,'* for 



wo 98/49548 



PCT/US98/07444 



subsequent analysis; (5) providing a cammm point up to winch samples may be psdoaded, whereby timing of 
loading and iiKiection cycles is standardized for aU sanqiles; and (Q {Roviding enhanoed detection and resolution 
of maierial regions, e.g.« species bands or plugs, within die analysis channel. 

5 n. C<WlRrtwtiTO 

In genaal, in fields employing mioofabricaiioxu it is desirable to employ the principles of 
"shrinking" to optimL^ tfie &bricalion process. Shrinking gei^rally refas to the optimization of a device at a 
first scale, followed by the p r op catianal scaling down of the size of the device. Shrinking provides a two-fold 
advantage in device design and manii&cture. First it provides the reaifi^iqipaient advantages of reducing the 

10 overall product size* Because ofthisanaOerdze, Che product has smaU^'Siiaceiequirenwnts.wU 

becxploiledby integrating the clevis within Soulier overall systems. Furdter, in many cases, micn^ftbricated 
devices^ indoding, e.g^ micro proce ssors^ microlluidic devices^ and the like, are ^^cated fiom larger wafers of 
substrate materia, e.gM silicon, silica, etc. As such, by redadng the size of eadi individual device, one can 
increase the number of devices which can be produced firom a single wafer, reducing the m a t e ri a ls costs 

15 accordingly. 

F urtl i ermor e, this in«a«ase in the tmmber of devices produced from a single wafer idso 
g iihtantiain y reduces the nnmbcr of devices that are lost due to flaws in a given wafer or plate. Fbrexample, 
wheie <Hte produces only four devices from a single substrate wafer, a single, smalU critical flaw that is wholly 
contamed within one demce results in a 25% loss, i^, 1 ctf 4 devices will include die flaw. However, where one 
20 produces 20 lOftont devices firom a single wafer, only 5% of the devices or 1 of 20 1^ *nins 
the cost advantages of reducing device size are themselves, two-fold. 

In die case of the devices of the present invention, dimensions per device generally range £:om 
aluMii a length and width dimensions of from about S nun to about 100 mm for a device capable of analyzing 
multiple samples, howeva*. larger or smaller devices may also be prepared depending upon the numfan- of 
25 analyses that are to be performed, and the desired volume of the reagent reservoirs. In preferred aspects, the 
devices have length and width dimensions of from about 3 mm to about 50 mm. 

The cqytimized chaimel and well i^tometries in coipora ted into the devices of the present 
invention allow for a substantially reduced substrate requirement pa device. As a result of the reducdon in 
substrate requirements, costs associated with the substrate aspect of the device are substantially reduced as a 
30 result of an increase in the number of substrates/wafu* and decrease in the percentage of substrates lost/wafer. 
Altliough described in terms of silica or silicon based substrate materials, it will be readily qipreciated that the 
cost and material savings provided by tl» present inventitm are applicable to a wide range of substrate materials, 
e.g., glass, polymeric materials, etc. 

35 UL ^pmflsedThmughgut 

As noted previously, the improved channel and reservoir geometries incorporated in the devices 
of the present invendon also allow for substantially improved throughput for performing pardcular analyses on 
multiple samples. In particular, in any fluidic system, a substantial amount of time is spent sfaoD^y transporting a 
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RiBterial from one locadcm In the system to another. This is paniculariy the case in c^illary electrophoresis ^ 
systems where transpottBtton of material from one location to another locatiim in (he ^stem, i ^ > from a sample 
well todiesqiaiationcqnnaxy, iscairiedontelectroidioi^^ This problem is fmthermagnified where the 
system is used in the serial analysis of multiple different samples. 

5 The channel and lesovoir geometries inccKporated into the devices and systems of the present 

invendon^ on the otfao^ hand, result in substantially shoxta transit dmes from a sample resovoir to the analysis 
ptirtion of the device, e.gM cfaannel. The improved geometries also permit the incarporation of greater numbers of 
sample reservoirs per unit area of substrate. Additionally* these geometries pennit the perfdnnance of a 
'preloading' operation which allows dw analysis of one sample in the analysis region or channel, whOe another 

10 sample is being transportfid from its reservoir to a location adjacent to the analysis region or cham Hie 
combination of these elements alkiws fiK' a sobstandal increase in the tiiroughp^ 

A. Multiple Sample WcUs 

In one aspect, the devices and systems of the present invendon employ multiple sample 

15 sources, wells or reservoirs for a given analysis cbanneli allowing the serial analysis of multiple samples in a 
sin^e device merely by sequentially injecting each of die samples from its respecdve reservoir into the analysis 
channelt Le., drawing a sample from a first reservoir and injee^g it into the analyua channel, then drawing a 
sample from a second reservoir and injecting it into (he analysis channeL Although genoaily described herein in 
terms of sample wells or reservoirs fabricated into the nucrofltndic device, it wiU also be understood diat such 

20 samf^e reservoirs may also exist ext^nally to ibis device per se, while remaining m fluid comimmicadcm with the 
various points on die device as described herein. 

Employment of multiple sample reservoirs provides the advantage of being able to serially 
analyze nmldple samples without having to manually load each sample after the analysis of a previous sample 
has concluded. The devices of the present invention include at least two separate san^ile reservoirs on a single 

25 substrate and in fhiid communicadon with a given analysis channel. Topically, the devices include at least four 
separate sample reservoixs» more Qfpically at least six sq»iate sample reservoirs. (Keferahly, at least eight 
separate sample resnvoirs, and more prefmbly, at least twelve separate sample reservoirs, and oflen at least 16 
separate sample reservoirs for a given analysis channeL Each of the sample wells is typically in fluid 
commimicadott with a sample loading channel which intersects and is in fluid communicadon widi the analysis 

30 channeL A load/waste reservoir is tjrpically supplied in fluid communicadon widi the sample loading channel on 
the opposite side of the intersection of the loading channel with the analysis channeL Tlus allows a sample to be 
loaded by drawhig the sample across the intersection and toward the load/waste reservoir. An additional preload 
channel and reservoir is provided in fltdd eommimication with the sample loaduig channel on the same side as the 
samples to be loaded, to permit preloading of one sample while a previous san^ile is being transported along the 

35 main channel, e.g., by flowing the sample from its own well to the load/waste well on the same side of the 
intersection and thus, not crosrang the intersection. 

As noted above, the devices of the present invention typically include a relatively high density 
of sample and other reservoirs per tmit substrate area. In particular, sample and buffer wells are typically 
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incorparated into the device at a deaaity greaier than appeo3dsnsSs\y 2 reservoirs/cm\ prefeiably. greater than 4 
reservoirs/cm\ and in sams cases, greater than 8 lesermrs/ cIn^ In paitieulaily pr e f gre d aspects* tlie reservoirs 
tnduded in die devices of die preseiit invention are set at n:giiiarspaciiig. More paiticulaity, such spacing is 
complementaiy to spacing found in existing fluid handling systons, e.g., compatible widi multiweU plate 
dimensions. For exanqile, in preferred aspects, tiie reservoirs are positioned or azranged in a linear farmat (e.g., 
along a line) or gridded fEishion at regularly spaced intervals. For example* in preferred aspects* the wells of the 
device are arranged cm iqqsroxiinalsly 9 mm centos (96-well plate compadble) in a linear or gridded 
anangemenu more preferably, 4^ mm centers (384 wdl plate compatible) and in scmm cases* on approxintatiBly 
2.25 mm centers (1S36 well plate compatible). 

In prefaied aspects, the multiple sample reservoirs are dispcsed at locations on die substrate on 
both sides of the analysis channd. By locating the sample reservoirs on bofli sides of the analysis channel, one 
can iTiintffniMs the distance* and dnis tite channel kngtfa, between any given reservoir and the point on the analysis 
channel at which the sample is to be injected into that channel, by clustering the sample reservoirs around the 
point at which the samples are injected into the analysis channel. By minimizing the length of the channel 
between the sample reservoirs and the analysis channel, one minimizes the transit time for transporting a sample 
from its reservoir to the analysis chaimel. In aikiiticm, one also minimizes any effects thai result during the 
transportation of the fluids, 6,g^ adherence of co mp o n e n ts to the device, electrical effects in electroosmotic 
(E/O), or electropthoretic systems, which eSiects may not be deurable prior to injection in the analysis channel, 
eg., electrophoretic biasing or separation of san^ile ctnnponrats. 

In particularly preferred aspects, the sample reservoirs are equally allocated on both sides of the 
analysis channeL ThiK, in these preferr ed aspects, the device includes at least two, typically at least three, 
preferably at least four, nunc preferably, at least six, and still more preferably at least ei^ separate sample 
reservoirs on each side of the analysis channeL 

In alternate or additionally pr ef e r red aspects, the various sample sources or reservoirs are 
provided such thai the channel distance along which material &om each of the sample sources or resnvoirs must 
be transpoited in order to reach the injection channel (or the sample hijection channel, as described in greater 
detail below) b substantially equaL By "substantialiy equal" is meant that tlus channel distance for any given 
reservoir is no more than 25 % greater or less than the same distance for any other sample source or reservoir, 
preferably, no greater than 15 %, more preferably, no greater than 10 %, still more preferably, no more than 5 % 
greater or less than the channel distance for any other sample source or reservoir. In most preferred aspects, these 
chaxuiel distances are within about 2 % of each other. 

A variety of advantages are guned by |»oviding the sample reservoirs equidistant, in terms of 
channel distance, from the injecticm or preload point. Initially, in mai^ applications, fluids such as running 
buffers, sei^ng matrices, dynamic coatings, and the Uke, are added to the cfannnels of a microfhiidic device by 
depositing these fluids uito a single reservoir, e.g.. a buffer or waste reservoir. The flind then wicks into the 
channels of the device by c^illary action, and/or hydrodynamic or applied pressure. In these situations, the fluid 
generally travels thtough equivalentiy sixcd channels at ajqiroximately equivalent rates. Accordingly, where 
microfluidic devices have varied channel distances from tiie injection points, the fluid reaches die reservoirs at 
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the Cenniiu of sharta* dunmels first In the case of spg^ed or hy iii u dyua mic pressme, these reservoirs begins" 
fining with tfac fluid befara the fluid ibmAcs the remaining lemrvoirs. This cerailts in difiFerent flnid levels in the 
diffisient sample reservoirs, which in torn, results in difierent dflution levels for eadi of the samples, efifiecting the 
ability lo qoantitaiively conqiare samples. Equal channel dtsiannrs substantially obviate this problem, as the fluid 
5 teaches and fills the various reservoirs at substantially the ^me time and rate. 

In addition to obviating the dilution problCTi, i nujipm adtm of equal ^laiuiel distances^ as 
described herdn, also results in sanqile traimt times, from each of the reravoiis to the injection or preload time 
being equal. This has sevraal advantages, InidaUy, each sample is subjected to the transit environment for the 
same amount of time* thmby standardizing any effect such transit time have. Far example, in the case of 
10 nucldc acids analysis, tntercalath^ i^res are often mixed with the immxng huffisrs within die channels of the 
device* whereupon the dyes are taken up by nucleic acnds traveling through those chatmels, t.e., during transit 
from asample source to the analysis channel. DifferentiBl transit dmes can resuh in differentiai incorporation of 
dye, resulting in different eventual signal intensides from those different samples. In addition, equal sample 
loading times also provides useful advantages in permitting the opoator of the system to standardize the amount 
15 of time required for loading or preloading of each sample* In particular, each sample requires the same amount 
of time to load or preload* greatly facilitating the operatitni of the microfluidic device. 

The same advantages ditained by providing sample sources equidistant from the iiy ecdon poim 
are also obtained by provicfing other variadons in channel structure or geometry wherel^ die transit time of a 
given fluid, e.g., asaiiq)letto€ir&()m<mesBmplesauiceisequaltothatfbrafliudorsample toorfrcmian^ 
20 source. Fbrexample^instBadof providiiig for sample saun:es that are equidistant, one can provi^ 

the chaiuiel width to equilibrate transit time for fluids traveling to or from two different sources. In particular, 
sample sources that are nearer to the injection point or preic^ point, are optionally provided in fluid 
communication with the injection or preload point via a wider charmel, such that the sample leqtiires substaiuially 
the same amouiu of time to navel thnnigh that channel from the source to die li^ection or preload point, as a 
25 sample source coimected by a laiger, but narrower channel, under similar or identical material transport 

ccHuiitions, e.g., applied electric fields. Similaily, such channel variations are useful in equilibrating the amount 
of time required for a flind to reach any of the sample sotnces when introduced dirough a common channel, e.g., 
in fining the device with bufler, etc., as described in greater detail^ herein. 

By "substantially die same amount of time," is meant that the time for a sample to travel from 
30 its source to the injection point or the preload point on the microfluidic device is within about 25 % of the amount 
of time for another sample to travel from its source to the injection or preload point, under the same transport 
conditions, e.g., applied pressme or electric fields* i.e., in electroldnetic transport, preferably, no greater than 15 
%, more preferably, no greater than 10 %, still mon preferably, no more than S % greater for any other sample 
source (H- reservoir. In inost (KefeiTed aspects, the tiines for samples to travel from differem sample sources t^ 
35 the injection or preload point are within about 2 % of each other. 

In addition to ensuring that the transit time for each of die multiple samples is similar to that of 
other sair^es within the device, it is also generally desirable to reduce the amount or length of common channel, 
e.g., Itsading channel, dirough which a sample must pass in order to reach die injection point In particular. 
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reducing tfac length of the loading dsannei between its intersection with the sample channels and the 
preload^vaste reduces the possibiiity of cross ccmtaininHling matenals being iiresent in the tiltimate 

U^ectioa. In pHTliT"l<»f , tlh^ ahfflrtftlW^ lffl^T*C elmiinel « man tikftly to h& crnnpietcty flushed before the tkBXt 

san^>le is actually iiuected into the injection cross or interesecdoiL Thiia» in at least one aspect of the present 
5 invention* the inteisection of the sample channds with the lending channfti is placed clo^ to the int^section of 
the load channel with the load/waste channel, e.g.« within about 5 ami, preferably within about 4 mm, more 
preferalrfy within about 2 mm and often within about 1 mm, thus creating a loading channel between the sample 
chaimel intersection and the injecdon intersection or preload intersecdon having a length less than ap|Boximately 
5 mm, ineferably less than about 4 mm more preferably less than about 2 mm« 
10 As noted previously, injection of a samido into the main analysis channel typically mvoives 

drawing the sample across the inteisection of the loaifing channel and the analysis ch a nnel . Accordingly» in 
pxefemd aspects, the deidces and syatems of the present invention typically includes a load/waste reservoir and 
channel in fliud communication with the sample loa<iing channel on the opposite side of the analysis channel 
from the sample that is to be loaded* Application of a voltage gradient between the desired sample reservoir and 
15 die load waste/reservoir on die opposite side of the analysis channel thai causes material transport throu^ die 
sample loading channel and across the intersection of the loading channel and die analysis channel (also termed 
the injection point) and into the load/waste diannel and reservok. 

Because the &vices and systems of the present invention pr^ieiBbly include samples located on 
each side of the analysis tdiannel. such devices also typically indude a loadAvasle reservoir and concqw n di ng 
20 channel on each side of the analysis channel and in fluid conununication with the sample loading channel. 

Specifically, the preloading well for samples on one side of the analysis chaxmel is the load/waste reservoir for 
the samples on the other side of the chaxmel. A schematic illustration of this feature is illustrated in Hgure L 

In brief. Figure 1 A schematically illustrates an intersection between two channels in a 
microfliudic device (not shown). e.g.. a main analysts channel 100 and a sample loading channel 102. Sample 
25 loading channel cdso includes first and second sample introdtsction channels 104 and 106, respectivelyt m fluid 
commimication with the sample loading channel cm c^iposite sides of the intersection 108, and which sample 
introduction channels are also in fluid communication widx flist and second sanqde sources 1 10 and 1 12« 
respectively, e.g., a sample reservnr disposed in the device. In addition to die first and second sample channels, 
the sample loading channel on each side of the intersection is also in fluid commimication with first and second 
30 load/waste chaimels 1 14 and 1 16, respectively, which are in turn, in fluid commimication with first and second 
load/waste resovoirs 1 18 and 120. respectively. 

Figure IB schematically lUustraies the sequential ii^jectlan of a sample from each of (he first 
and second sample wells. In particular, panels I and II of Figure IB show the first sample (indicated by hatching) 
being drawn into the sample loading channel 102 and across the intersection 108 of die loading channel with the 
35 main channel ICX). and into d» second load/waste channel 116. In electrical material direction systems, e.g., E/O 
flow or electrophoretic transport systems as generally described herein, this is accomplished by applying a 
voltage at the first sample reservoir 1 10 and the second load/waste reservoir 120, to achieve material movement 
along the path of current flow. The plug of sample material at the intersection is then injected into the main 
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channel 100, by flying a voltage al poiiits on die main chamiBl on opposito skies of the mtenectioQ 108^ Le.;'at 
the fauffcr and waste reservoirs located at the tennim of the main channel Dining i^jectian* the voltage 
applied at sample reservoir 110 and second load/waste reservonr 120 m^ be ronoved, e.g., allowing these 
reservoirs to 'float' However, ^pically a vdtage is maintained ai these reservoirs, so as to achieve a net 
material flow away from die inteisecdoa« e^, pulling the rample away from the intersection, to avoid any 
difEusicm or leaking of the sample into the intcrscctioQ dming analysis. 

The second san^le (indicated by cross-hatching) is loaded and injected into the main channel 
104, in the same foshion as tlie first, as shown in I^gixre IB. panels III and IV, except that during loading, die 
voltages are applied at the second sample reservoir 112 and the first load^raste well 1 18. 

In addition to allowing ixyecdra into the analysis channel of samples from both sides of the 
analysis chaimel, and in contrast to devices lacking this featiize, inooiparaliQn of load/waste reservoixs on both 
udes of the analysis channel also pennils one sampfe to be preloaded while another ssmple is being analsrxed in 
the analysis channel* as noted above. 

For example, in typical planar chip based C£ devices incorporating a separation channel and a 
loading channel in a crossH^hannel stmcture, a sample is loaded into the separation channel by placing it in a 
reservoir at the terminus of the loading channel and applying a voltage across die loading channel until the 
samfde has dectrophoresed across the intenwction of loading channel and die separation channel, topically, the 
application of voltage is via an electrode disposed wtdiin the reservoir or well at the fenninus of the given 
channd (also termed a "port"). The plug of material ^ die intersection is tfien clectropiioresed down the 
separation diannel by applying a voltaic gradient across the length of the analysis or separation duoineL In order 
to avoid disrupting die analysis or separation of the sample, ijc^ by interrupting die electric field, one must wait 
until that separation has concluded prior to loading a subsequent sample. 

In die channel structures des^bed herein, however, while a first sample is being analyzed in 
die analysis channel. e.g., by electrophoresis, a subsequent sample may be transpprted to a location in the loading 
channel closo- or even adjacent to the ituectionpoinL In particular, by ^iplying an appropriate voltage across the 
sample reservoir and the load/waste reservoir that is in fluid communication with the sample loading channel on 
the same side of the analysis channel, the sample is transported frmn its respective reservoir through a portion of 
the sample loading channel and to that loadAvasto channel/reservoir, without crossing the analysis channel. 
Further, by maintaining the voltages applied in this preloading procedure at levels such that the voltage at the 
preloading point, e.g., the intersection between load/waste channel 1 14 and loading channel IQKZ, is substantially 
equal to that at the iiyection point (108). one can carry out this preloading without affecting the liansportBtion of 
material within the analysis channel* e.g., without producing transverse elecnric fields between the loading 
channel and the analysis channeL Where one is detennining this voltage at a given intermediate point in a 
channel (V|). which has a first voltage applied at one end V, and a seccnid voltage ^iplied at the other end V,., 
determination of the intermediate voltage is as follows: 

Vr'V>fR*fV.-Y,> 
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Whsxe is the resistaiice between ihe poim at which V, is ^^ied and the intennsdiatB poini at which is to-be 
dBtenniiifid and is the resistance between die point at wtiich is applied and the intennediatB point where V, 
IS to be detenuined. 

Upon completion of analysis of the previous sample. Ihe subsequent sample, already within d» 
sample loading channel, is then merely transported across the intersection of the loading channel and the analysis 
channel^ and the plug of sample material zx the interaction is then drawn down the analysis diannel, as before. 

Hgure IC illustrates the same channel intersection structure shown in Figure IB. but wherein 
tfam structure is used to preload <mBsainple while a fsevious sample is being an^ In 
particular, panel I iUnstrates die post ipjection of the ficst samite, e .g^ as described with reference to Fi gure i B . 
above. While the first sampte is being aiiaiyzed, the second sample is transported into a position 
loading channel closer to the injection point* intersection 108, by moving the second sample into the sample 
loading channel and into the second load/waste channeL As shown in panel n« following the completion of the 
analysis of die first sample, e.g., electrophoretic separadon, etc., the second sample is loaded into the analysis 
channel by drawing it acrc^s the intersection 108, and h^jectzng it into the analysis channel (panel HI). This 
piooess is then repeated for all the samples that are to be analyzed. 

Figure 2 schematicaUy Uhistrates die substantial time savings derived from sample preloading 
using die devices incorporating diis preloading feature over devices not inuui puiating this feature. Brieflyi Panel 
A schematically illustrates die timing of events required to load and ixyect multiple samples into the analysis 
channel using a typical microfluhlic device, ix., which does not include a separate load/waste resovoir on each 
aide of the analysis channel. In particular, loading any given sample requires the transportation of the sample 
across the intersection of the analysis channel and the loading channel, followed by the transportation of the 
sample (dug at the intersection down the separation channel. In these typical devices, no samples are loaded 
while a given sample is being analyzed, as this would result in the disturbance of the material flow in die analysis 
channel. Thus, analysis of one san^le must be efiectively completed prior to loading a subsequent sample, 
resulting in a sample loading and injecdcm timeline whm loading and analysis of samples does not overiap, as 
indicated by the arrows. 

Panel B of Figure 2 provides a similar timelme for samples serially analyzed in a device of the 
present invention, which incorporates an additional load/waste reservoir on the same side as the reservoirs 
containing die samples to be loaded. Incorporation of this additional load/waste reservoir allows the transporting 
of a sample from its respective reservoir into the loading channel, without crossing or otherwise affecting the 
material flow within the analysis channel, also termed "preloading." As such, while one sample is being 
transported along the analysts channel and analyzed, a subsequent sample may be preloaded into the loading 
channel. As shown, the tune savings can be substantial, particulariy where multiple samples (e.g., 8, 10, 12, 16 
or greater) are being analyzed. 

In order to reduce tho amount of dead volume b^ween a preloaded sample and the analysis 
channel, it is generally desirable for the load/waste channel to intersect the sample loading channel at a point that 
is relatively close to the intersection of the loading channel and the analysis chaimel. In the microfluidic devices 
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of ttefnesent invcDtioii, the distance between these two tmexsections is tyjncally less than 5 torn, iseferably I&ss 
than 2 mm, mere preferably less than I nun, and often, less dian 0 J mm. 

In addition, for muldple aample reservoir devices, it is generally desirable to be able to preload 
each sample to the same point in the sample loading channel. This penniis the standardization and simplification 

5 of dndng for preloading, loading and injecting each sample. In addition, during this preloading time, a myriad of 
odier operations may be performed on the ^mple, including diltnion. combination with substrates or other 
rcactams, and the like. As such, it is generally preferable for the loadAwaste channel to intersect the sample 
loading channel at a point between an of the sannple reservoirs and the niaincbamieL Thus, in preferred aq[)ect5, 
each load waste channel in^sects thesanqile loading channel at apoint between: (1) the intersection of the 

10 sample loading channel and the main channel, and (2) the imersecdon of the samfde loading channel with each of 
the sample channels. Sample loading and preloadmg in these devices is described in greater detail below. 

Finally, in addition to the above described advantages, the incorporation of multiple sample 
sources, each having a separate path, at least in part, to the injection point provides at least one additional 
advantage, particularly when that system is applied in CE applications. Typical CE systems introduce each 

15 sample that is being analyzed by identical paths, e.g., through the same sample well or via the same channel or 
passage^ Oftentimes, this can result in an accmnnlation within that path of extremely slowly nugrating material, 
e.gM very largie nucleic add molecules or complexes, pcoteins etc, which accurzmlation can result in a general 
fDuUng of the separation chaimel or capillary. 

By inducting a seimrate introduction padi for each separate sample that is being analyzed, i.e., 

20 as provided herein, as opposed to iotrodudng multiple samples through the same path, sudi alow migrating 

matmal is generally retained within the sample source or the channel that connects that raurce to the common 
sample loading channel. This effect is particulariy evidem in CE applications which include a sieving matrix or 
medium within the various channels of the device, which matrix accentuates the differential migration rates of 
these larger spedes. 

25 certain embodiments, the microfluidic devices of the present invention optionally include 

chaimels that have narrower width dimenrions, particulariy at the injection point of the device. In particular, by 
narrowing the dimensions at least at the injection inteisection, one can substantially reduce the size of the sample 
plug that is injected into the analysis cfaamid, thereby providing anarrower band to detect, and thus, greater 
resolution between adjacent bands. 

30 Providing the analysis channd with narrower width dimensions also is particulariy useful in 

systems employing laser fluorescent detection systems. In particular, by narrowing the width of the injection 
charuiel and analysis channel to a range of from about IX to about 5X of the laser spot size inddent on ihe 
detection portion of the axudysis channel, one increases resolution <tf the bands in the analysis chatmel, as 
described above, without substantially varying the sensitivity of tiw device. Althou^ less material is bdng 

35 injected into the analysis channd and transported past die detecttv, the detector is able to detect a greater 

percentage of that material. Accordingly, in some preferred aspects, utilizing a laser witii a 10 ^m spot size, the 
analysis chazmel optionally has a widdi of from about 10 to about SO ^m, and preferably from abotU 20 ^m to 
about 40 iim, and more preferably, about 30 to 35 |im. 
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IV. Pgvice Deacgjpdan 

An exanqple of a device employing improved channel and reservoir geometries according to d^ 
present invention is shown in Figure 3. As shown* the device 300 is fobricatcd from aplanar substrate 302, 
5 vtrhicfa has the various channels fabricated into its surfece. A second planar layer overlays the first and includes 
holes disposed chrough it to form the various reservoirs. This second planar element is then bonded Co the first 

As ^wn, the device includes a main sepaiadon or analysis channel 304 wluch runs 
longltudtnaily down the cental portion of the substrate. Ihe main channel 304 originates in and is in fluid 
communication with buffer reservoir 306, and tenninales, and is in fluid conmunicatioa with waste reservoirs 
10 308 and 310^ via waste channei 31Z Sample loading channel 314 intersects and ts in fluid communication with 
main channel 304. As shown« the device also includes multiple s^araie sam|rfe resCTvoirs 316 through 346. 
inclusive, each of which is in fluid communicatiQn with sample loading channel 314, either directly via its 
respective sunple channels 34^378, or via an intermediate sample channel. LoadAvaste channeLs 380 and 3B2 
are also provided, in fluid commimicati<m with sample loading channel 314. on opposite sides of the intersection 
15 of the sample loading diannel widi main channel 304, and between that mtersection and die sample channels on 
their respective sides of thai intersection. Eachof these load/waste channels tenninaies in one of load/waste 
reservDus 384 and 386, respectively. 

The muldifle s^wrate sample reservws are disposed on both udes of the main channel, in 
mder to the number of reservoirs that fit on the substrate, vriiile minimiring the distance that a sample 

20 must travel to reach the analysis channel 

In order to control and direct die electrephoretic movement of materials within the device, an 
electrode is placed into electrical contact with each of reservoirs 306-310. 3 16-346. 384 and 386. Again, 
aldiou^ the present example is described in terms of electrophoretic transport and duection of materials in the 
device, it wiU be readily i^q;»reciated that other forms of nialB^ and 
25 would be equally benefitted by die present invention* e.g., electroosmodc fluid transport and dbrecdon, {nessure 
or pneumatically driven fluid transport systems, including those utilizing micropumps, or other displacement 
driven systems. 

In operation, a first sample is disposed widiin a sample reservoir, e.g., reservoir 316. The 
sample is transported along sample channel 348 to loading channel 314, across the intersection of loading 

30 channel 314 and main channel 304, by application of an apprqsriate voltage at sample reservmr 316 and waste 
reservoir 386. In pretered aspects, appropriate voltages are also applied at buffer reservoir 306 and 
reservoirs 308 and 310, to apply a constraining flow of fluid from the main channel to '^nch*' the flow of the 
sample across the intersection* therein preventing leakage or difliisimi of sample at the tnft^^ Pinched 
loading is described in detail in INiblished PCT Application No. WO 96/04547 to Ramsey et al., viiuch is 

35 incorporated herein by reference in its entirety for all purposes. 

The sample plug. e.g.. the pinched plug, at the intersecdon of loading channel 314 and main 
channel 304 is then drawn down main channel 304, by applying a voltage between buffer reservoir 306 and waste 
reservoirs 308 and 3 10, while reservoirs 316 and 386 are allowed to float In some cases, appropriate voltages 
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may be applied to these floating xeservma in order to draw the sampk in the loatfing ciiannel away from the 
imersecuon, so as to avoid the leaking of a sample into the analysis diannei. 

While the first sample is bemg tranqsorted along main channel 304 and heing subject to the 
analysis of interest e.g., e!e^rophoietic separadon, a second sample may be '"preloaded^ into posidon in loading 

5 channel 314 for subsequent analysis. This subsequent sample is prdc^ded from sample res^voir 318 into 
loading channel 314 and out through load/waste channel 380 to load/waste reservotr 384. by applying an 
appropriate voltage at sample reservoir 318 and load/waste reservoir 384. As stated previously* the voltages 
lulled at these reservoirB are typically maimainfid at levels such that the voltage at the injection point 
(Intersecdon of channels 304 aisd 3 14) is substantially equal to the vdtage at the ineload point (intersecdon of 

10 channel 314 and 382), so as to avoid the generation of transverse fields , i.e.. a voltage gradient, between the 
loading channel and the main channel during the preloading procedure. 

Once the first sample has been run down the main analysis channel 304, the preloaded sample 
in the loading chaimel 314 is injected across the intersection of the loading channel 314 and the main channel 304 
by ^yplytng a voltage across sample reservoir 318 and load/waste reservoir 386. The »mple plug at the 

15 intmecuon is then transported along main channel 304 by again applying an £q>propriate voltage across the main 
channel, while a thud sainpie is preloaded as descdbed above. This is rqnated for each sample reservoir on each 
side of the main channeL Thus, as shown, each aide of the mdn channel incliides a separate ^^i^elcj^^ 
that Includes the collection of sanqsle reservoin and channels, in fluid comnoumcadon with a sample loading . 
channel. Bach preloading modide includes its own loadAvaste reservoir and channel in fluid communication with 

20 the sample loading channeL whocby a sample can be transported firom its respective reservoir into the loading 
channel and to a portion in the loading channel that is proximal to the intersecdon of the loading channel and the 
main channel, without affecting the movement of material in the main channel. As noted previously, in order to 
fnifi^TiiiTg dead volumes between the preloading of a sample and the mjection of that sample, it is generally 
preferred that the loadAvaste diannel for a preloading module, e.g., load/waste channel 380, intersect its loading 

25 channel, e.g.. 3 14, at a point close to the intersection of the loading channel and the main channel. 

A similar channel/reservoir geometry is illustnited in Figure 4, for a device which includes 12 
s^iarate sample reservoirs, as well as the preloading features described above. In order to achieve a more 
compact geometry, the buffer reservoir 306, waste reservoir 310 and loadAvaste reservoirs 384 and 386 are 
located in a row at the bottom of the device. This results in a gridded array of san^le/waste/buffer reservoirs. 

30 wherein a twelve sample device only occupies approximately one half of the substrate area required for die 

device shown in Figure 3. Although this device utdudes fewo^ sample reservoirs than ±e device Illustrated in 
Rgure 3 and described above, the sample:atea rado is substandally increased by optimizing the channel and 
reservoir ^metry. In particular, where the device ^own in Hgure 4 has side dimcnsians of 17 J mm (e.g., 17.5 
mm X 17.5 mm), one can obtain 49 separate devices from a sinj^e S** X 5" square substrate plate or wafisr, 

35 permitting analysis of 588 samples per plate. Assuming the device shown in Figtne 3 is 22.4 mm X 37 mm, one 
can only obtain 15 separate devices or 240 assays per substrate plate. 

As noted previously, the devices, systems and methods of the present invention are not limited 
in application to capillary electrophoresis applications, but may be broadly applied to the field of microfluidics, 
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induding floidic systems esiployiiig a variety of material transpcnt mcchamsms, including, e.g^ electroosmotic 
traniq^oit systems* electrophOTetic transport systems and oven pressure driven systems. However, where these 
devioes, systems and methods are used in capillary elcctrophoTesis ^pplicadma, i^., to separate sample 
components* e*g.» nucleic acid firagments, it is generally desirable to reduce the level of electrDosuHMic flow 
within die diannels of die device, thmby optimizing the differential mobility of difEErentiaUy charged or sized 
species within the system, and thus their separability. 

Acccardingiy, in preferred aspects, where the devices and systrais of the invendon are employed 
in capillary electrophoresis applicadons, the channels of the device are {Ketzeated with a dynamic sieving matrix. 
Such dynamic seiving matrices typically comprise charged polymers, e.g., linear polyacrylamide polymers, which 
are c^iable of binding the walls of the capillary channels, thestby shielding the charged smiaces of these walls, 
and reducing electroDsmodc flow. Examples of parttcularly prefer red dynamic sieving malrkes include those 
discussed in U.S. Patent No. 5.264,101. incorporated herein by reference in its entnety for all fwposes, as well as 
the GeneScan'^ sieving bulfiers available finom Perkin Elmer Corp. 

A device incorporadng an alternate channel geometry according to the present invention is 
illustrated in Figure 5. As shown the device includes a channel geometry that is similar to that shown in Figure 4. 
In particular, as shown, the microfluidic.device 500 fiabricated from substrate 502 includes main channel 504 diat 
has disposed at Its lermimbii^iBr reservoir 506 and waste reservoir 508. Main channel 504 is intersected by and 
in flttid communication with first ends of samfrie loading channels 512 and S14 (on the left and right sides 
req[)ecttvelyt as shown). Sample channel 512 is in fluid conunwiication at its second end with sample reservoirs 
5 16-526» via sample channehi 542-550, respectively, itiiereas sample loading chaimel 5 14 is in fluid 
communication at its Kcond cad with sample reservoirs 528^538 via sample channels 552-562, respectively. 
Sample preload waste channels 582 and 584 intersect sample loading cliannels 512 and 514, respectively, at 
points proximal to the injecdon poim or intersection. 

The device illustrated performs substantially the same operadons as the devices shown in 
Figures 3 and 4. However, as shown, the device 500 mdudes sample channels 540-562 that are of substantially 
equal lengths, from their respecdve reservoirs to die point at which they intersect their lespecdve sample loading 
channel (512 or 5 14). Hie device shown provides all of the advantages delineated above. 

Further, in an alternate aspect as described above, and with reference to I^gure 5, the 
intersection of sample loading channels 512 and 5 14 with their respective sampte/preload channels 582 and 584, 
are placed closer to ±e intersection of these channels with their respective san^sle channels, e.g., S4O-550 and 
552-562, respectively, in order to minimize the length of the sample loading channels and thereby reduce the 
possiblli^ of cros8*contamlnarion of samples during prdoading. In ^fened aspects, this loading channel length 
between these intarsections is less than about 5 mm, and prefoably, less than about 2 nun. 

As noted zbom, the devices and systems described hmin may generally be used in the analysis 
of chesucal and biochenucal materials. For example, in at least one aspect, the present invention provides for the 
use of such devices and systems in separating component elements of the san^>le materials, e.g., nucleic acids, 
proteins, or other macromolecular species, as well as differentially charged materials. The devices of the present 
invention are optionally provided in kits. The kits of the invention optionally comprise one or more of the 
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foUowiog: (1) an apparatus or apparatus component as desc ri bed herein* e.g., the microfluidic device(s) described 
above) ; (2) insnucttmu for pFaaicing the melhods desoibed herein, and/or apmsisig die a|q»iatU8 or 
qjparatus con^Kments heiein; (3) one or more assay coixqK»Dent(sX reagents, fluorescent dyes» standards, 
sieving matrices or the like; (4) a container for holding apparatos or assay components, and, (5) padcaging 
5 materials. 

Hie ^nsm-^lescaibed microfluidic devices are typicaOy placed in an electrical controller unit 
that disposes an electrode in each of the reservoirs of the device to cazry out the operations of the device, as 
described hereuL The controller mut cietivers appropriate currents through the dectrodes thai are in conta^ 
the resovoirs of the device, in order to direct material throo^ the channels of the device. The cunents delivered 
10 by the controller are typically eunent and time profiles for each eieclnxle that are entered into a computer by a 
usor, which computer is oparably connected to the controller. The cmnputer then instructs the controller in the 
application of currents to the various electrodes to move matoial through the channels of the device in a 
controlled manner, e.g., providing sufficient current levels to achieve contoUed electrokinetic matoial transport, 
as described above. 

15 The invention is further described with reference to the following noniinuting examples. - 

EXAMPLES 

Example!: Multisamole Analysis 

A 16 sample capacity device, or LabChip^, having the geometry shown in Pigure 3, was 

20 fiabiicatedfrom a 100 mm diameter white crown glass wafer having a thickness of 500 ^m. A wafer was used 
for its compatibility with most commercially available photalithography equipment. Channels 75 pm wide and 
12 \Mm deep, and having the configuration shown, were etched in die glass substrate using standard 
photolithographic techniques. Holes were drilled through a separate piece of glass 5 inches on a side» whereby 
the holes corresponded to the termini of the various channels. The two pieces of glass were tfaennally bonded to 

25 form the channel and well structure shown. The device having dimensions of 22.4 mm X 37 mm was cut from 
the larger matmal. 

Sieving buffer was prqsared by weighing 2.5 grams OeneScan Polymer (Perkin Elmer Coxp.)« 

0.5 g of Genetic Analysis Buffer (Perkin Elmer Corp.) and 2 J ml water into a 20 ml scintillation vial, which was 

then vortezed for 30 seconds. One }xl of Syber Green I DNA intercalation dye (Molecular Probes Inc.) was 
30 added to 0.5 ml of the sieving buffer which was again vortexed for 30 seconds in a 1 .5 ml Eppendorf tube. Five 

|lU pgr Marker (Promega Corp.) containing 6 DNA fragments ranging in size from 50 to 1000 bp was mixed 

with 15 ^ of the bu^er containing the Syber Green and vortexed. 

The channels in the LabChip^ were filled with 3.59b GeneScan™ buffer (Perkm-Bhner Corp.) 

by applying 5 |Ji to the buffer well and then applying slight pressure with a syringe for 5 seconds on the well. 
35 This buffer contains a polymer which retards the migration of DNA relative to its size and also modifies the walls 

of the cbaimel to reduce electroosmotie flow. Four pi of the GeoeScan buffer was then added to the buffer and 

waste wells. 
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A DNA standard, FfiiXn4 cleaved with Hinfl (RRmiega Corp.), was diluted 50:1 in 3J% 
GeoeScan'^ buCfer containing 1 )lM SyberGieen DNA intsrcalBdng dye (Mdecular Probes* Inc.) and4 |il of tlu5 
solution was added to each of the 16 sampte wells. The device was ifaen placed under a Nikon inverted 
Mioxiscope Di^ot 200^ with a PTI Model 814 FMT detection syscei^ AnOpti- 
Quip 1200-1500 50W tungsten/halogen lamp coupled through a 40X mi cr o s co pe objecdve provided the light 
sotirce. Excitation and emission wavelengths were selected with a FITC filter cube (Chnnna, Brattleboio VT) 
fitlKl with ap{V0priatB fiiters/dichroic ixurrois. Reagent well cumcnts and volta^ on the chip were CQntroUed 
using a voltage controller having a separate controllable electrode fiy eadi of the separatB reservoirs on the 
mioxifhiidic device. The serial ujecdon of samples proceeded along the following cycle: 



Step 1 : Initial Sample Preload (45 sees.) 

Step 2: Sample Load (5 sees.) 

Stq)3: Inject (1 sec.) 

Step 4: Pull Back (2 sees.) 

Step 5: RimyNext Sample preload (85 sees.) 

Step 6: Next Sanqile Load (5 sees.) 

5t^ 7: Repeat Stqis 3^ 



An example of the cycle of currents applied at the various reservoirs during a single cycle is 
provided in the following table. The sample pull back step was insetted to pull the sample away &om the 
intersection of the loading channel with the main channel » and (hus prevent bleeding over of the sample. Also, 
during the loading steps* e.g.. steps 2 and 6, a pinching flow was delivered to the iniersecdon such that the flow 
of sample would not diffuse into the main channel as a result of convective efifects. Aj^Hied voltages were 
controlled using a current based control system, eg., as described hi ccHnmonly assigned U.S. Patent Ai^lication 
Serial No. 08/678,436, filed July 3, 1996, and incorporated herein by reference in its entirety for all purposes. 
Currents applied for each of the above steps were as shown in Table 1, below. The voltage applied to main 
buffer reservoir 306 was controlled at a level at which it {nodded an ap prop r iate balancing current in the 
remainder of dw system: 



Table 1 



Step 


Sample 
WeU 


Sample 
Current 
(jiA) 


LoadAVaste WeU 


Load/Waste Current 
OiA) 


Buffer Well 


Waste Current 
OiA) 


1 


332 - 


-7 


386 


10 


310 


-2 - 


2 


332 


-7 


384 


10 


310 


-2 


3 


332 


5 


384 


5 


308 


•12 


4 


332 


1 


384 


1 


308 


-8 


5 


334 


-7 


386 


10 


308 


-7.5 


6 


334 


-7 


384 


10 


310 


-2 
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The results of the first separation usizig this method m As is clear from 

(his figure, this metlrad of perfcHming capillary electnqdioresis yields high resolutioii in a substantiaUy reduced 
time-fiaine. I^irther, no degradation of resoluiioo was seen through sqsaralim of aU 16 

5 

fiwam ple 2: Detetmi natinn of Cfo^ Contaminatioa Leveb for Successive Samples 

In order to ascertain wheth^ successive runs in the device experienced any cms conta minatio n 

of samples, two different nucleic acid fragment sanq)les and a plain buffer sample woe run in succession and 

examinftd frv contaminating effects. 
\Q Each well of the 16 well device described above, was loaded with either the PGR Marirort the 

PhiXI74cfeaved with HAEm or plain buffer. Theweils weie loaded such diat they would be injected 

successively in this order. The fluorescence data for each run was plotted as a function of time. 

Figures 7A, 7B and 7C show plots of successive injecdons of PGR Marker, RiiX174/Haeni 

and buffer blanks. Figure 7B illustrates that no spurious fluorescence peaks are detectable bleeding over from the 
15 previous PGR Marker run. mto the PbiX174/Haeni run. Furdicr, Figure 7C shows that even in a plain buffer run, 

there aie no detectable levels of cross contaminatiott from the prior DNA containing samples. 

Rxamplftg- Narrow Channellnfection 

A microfiindic device incorporating the channel geonietry shown in Figure 5, was prepared as 
20 described in Example 1 , above, except diat the widdi of all channels of the device was reduced to 30 \inu while 
the channel depth was maintained at approximately \2\m. This was used to compare with a microfluidic device 
having the geometry shown in Figure 4, but having channel widths of approximately 70 ^m, as described in 
Example 1. The lengdi of the separation channeb in the two devices was sutetantiaily equivalent 

The two devices were iropared with sdving buffer, as described above, and each was used to 
25 separate a nucleic acid standard 100 base pair ladder, commerciaUy available from Promega Corp., Madison WL 
The results of the separations in the narrow channel and wide channel device are illustrated m Figures 8A and 8B, 
respectively. As is readily apparent, die resolution obtained in the narrow channel device (Figure 8A) is 
substandally enhanced over the device incorporating wider channels (Hgure 8B). 

All publications and patent applications are herein incorporated by ref«nce to the same extent 
30 as if each individual publication or patent applicadon was specifically and individually indicated to be 
incorporated by refimnce. Although the present invention has been d^cribed iii some detail by way of 
dlustration and example for purposes of clarity and understanding, it will be apparent that certain changes and 
modifications may be practiced widun die scope of the iqipended claims. 
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Wc Claim: 

1. A micitifluidic device canqnising: 

a body stiucttixe having an intencn' portion and an extBrior portion; 
3 at least first, second and third micmscale channels disposed in (he interior portion^ the second 

channel intersecting the first channel at a first intersection, and the tliifd channel intersecting the first chaonei at 
a second intersection; 

aplmaiity of sample reservnrs disposed in the body structure, each of die sample reservoirs 
being oonoected to the second channel; 
10 at least a first waste reservoir connected to the third channeL 

2. The microfluidic device of claim 1, wherein the second and third chaimela intersect the first 
channel on opposing sides of the first channel. 

15 3. The microfliiidic device of claim 2» wherein the first and second intersecdons are located at a 

common point on the first channeL 

4. The microfliiidic device of chum 3« whoein die second and third channels aie colinear. 

20 5. The mic^fluidic device of claim 1, fkirther comprising at least one sample reservoir 

connected to tlie third channel and at least a second waste reservoir connected to the second channel. 

6. The microfluidic device of claim 5, wherein the first waste reservoir is connected to the third 
channel between the at least one sample reservoir and the first intersection. 

25 

7. The microfliiidic device of claim 6, wherein: 

the first waste reservoir is connected to the third channel by afirst load/waste channel, the 
first load/waste channel mtersecting die third channel at a third intersecdon, the third intersection being located 
between the at least one sample reservoir and the second intersection; and 
30 the sccxmd waste reservoir is connected to the second channel by a second load/waste 

channel, the second load/waste channei intersecting die second channel at a fourth intersection, the fourth 
intersection being located between the plurality of sample reservoirs and the first mteisectiGn. 

8. Hie microfltddic device of claim 7, vrtierein the third and ftanrth intersections are located 
35 within about 5 mm of the second and first intmections. respectively. 

9. The microfluidic device of claim 7, wherein the third and fbiifth intersections are located 
within about 2 mm of the second and first intersections, respectively. 
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10. Utt mxcroflmdic device of claim 1, wherein the body snucture comimses: 
a fim planar subsliste having at least a fixst planar suffiafi^ 

a i^uiality of grooves disposed in the at least first planar surface, the plurality of grooves 
5 comBspomfing to the at least first second and third channels; 

a second planar substrate having a first planar surface, the first planar surfiace of the second 
substrate being mated with the first planar surface of the first substrate to sealably cover the grooves to form 
the first, second and third channels, the channels defining the iniaior partion; 

a pltnality of apertures disposed in at toast one of die first and second substiaies* the 
10 apertures communicaring with the fiist, second and third channels to define the plurality of sample reservoirs 
and at least first waste reservoir. 

11. The micTofluIdic device of claim 10« wherein at least one of the first and second planar 
substrates comfHises a silic^based substrate. 

15 

12. Hie microfiuidic device of claim 1 1 » wherein the silica-based substrate is selected from 
glass^ quartz and fiised ulica. 

13. The micFofitiidic device of claim 1 U wherein the ulica-based substrate comprises glass. 

20 

14. The microfiuidic device of claim 1, wherein at least one of the first and second planar 
stibstraCBs comprises a polymeric materiaL 

15. Hie microfliudic device of claim 14, wherein the polymeric material is selected from 
25 polydimelhylsiloxane, polymethyin^hacrylate, polyuTBthane, polyvinylchloride, polystyrene, polysulfone* 

polycarbonate* polymethylpentene. polypropylene* potyethyleiie, poly vinylidine fluoride, and aoylonitrile- 
butadiene-styrene ci^iolymer. 

16. The microfhiidic device of claim 14, wherein the polymeric material comprises 
30 polymethylmethacrylate. 

17. The microfitiidic device of claim 1 , wherein the plurality of sample reservinrs cominises at 
least 2 sample reservoirs. 

35 1 8. The microfiuidic device of claim 1 , wherein the plurality of sample reservoirs comprises at 

least 4 sample reservoirs. 

19. The microfiuidic device of claim 1 , wherein the plurality of sample reservoirs comprises at 
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least 8 sample resenroiis. 



20. The xnkrolliiidic device of claim I, wterein the phixaltty of ample reservoirs ocanprtses at 
least 12 sample icservoixs. 

21. The microfiuidic device of claim 1, fuither oomprisiiig at least 2 sample reservoirs con n ected 
to the third channel 



22. The microfliiidic device of claim 1, further comprising at least 4 sample reservoirs connected 
10 to the third channel. 

23. The microfhiicfic device of claim Ufurtho'comprisiiig at leasts sample reservoirs connected 
to the third channel. 

15 24. The microfiuidic device of claim 1, further comprising at least 12 sample reservoirs 

competed to the third channel. 

25. Tlie microfiuidic device of claim 1, wherein the plurality of sanqsle reservoirs are arranged in 
die body sUu ct ur e in a linear format and are regularly spaced apart 

20 

26. Ute microfhiidic device of daxm 25. wherein the regularly spaced sample resmoiis are 
juiced on aj^nnoximately 9 mm centers. 

27. Hie microfliudic device of claim 25» wherein die regularly spaced san^le reservoirs are 
25 spaced on approximately 4.5 mm centers. 

28. The microfiuidic device of claim 25, wherein die regularly spaced sample reservoirs are 
spaced on approximately 2.25 mm centers. 

30 29. The microfiuidic device of claim 1, wherein the plurality of sample reservoirs are arranged in 

a gridded format and are regularly spaced apart 

30. The microfiuidic device of claim 29, wherein the regularly. spaced sample reservoirs are 
spaced on approximately 9 nun centers. 

35 

31. The microfiuidic device of claim 29, wherein the regularly spaced sample reservoirs are 
spaced on approximately 4 J mm centers. 
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32. The miciofluidic device of claim 29, whereia the 
speced oq spproxiiBStcfy 7J2S nun centers. 

33. The mimifluidic device of claim 1, wherein each of the phirality of sample resovoira is 
5 connected to the second channel via a separate sample channel which is in fluid communication with the 

separate sample reservoir and intersects the second chamieL 

34. The mimfliudic de^ce of claim 33, wfam the sample channel connected to each of the 
plurality of sample reservoirs, each intersects the second channel at a common inlersecdon. 

10 

35. The microfluidic device of claim 34« wherein the conunon intersection is within about S mm 
of the iiist Intersection. 

36. The microfluidic device of daim 34, wherein the common intersecticm is within about 2 mm 
15 of the first intersection. 

37. Tlifi microfliildic device of claim 34, wherein each of the sample channels is approximately 
equal in length. 

20 38. The microfliiidic device of claim l«vdierein at least one of the seccmd channel h^ 

dimension less than that of the firsl channel. 

39. The microfluidic device of claim 1 • wherein at least the second chaimei has a width of 
between about 10 \xm and about 50 jim. 

25 

40. The microfluidic device of claim 1, wherein at least the fust channel has a separation 
medium disposed therein. 

41 . The microfluidic device of claim 1, wherein the s^aiation medium coro|nises a sieving 

30 matrix. 

42. The microfluidic device of claim 41, wheietn the sieving matrix comprises polyacrylamide. 

43. The microfluidic device of claim 1, fkirtber comprising sample materials disposed in the 
35 sample reservoirs, the sample materials comprising nucleic acids. 

44. A microfluidic device, comprising: 

a body structure having an interior portion and an exterior portion; 
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at least first, second and third nucroscaie cJiannels disposed ^ 
chamid inlersectittg the fiist channei at a lim int^^ 
a second intersection; 

a plurality <^ sample reservoirs disposed in the body structure, at least one sample reservoir 
5 being connected to die second channd and at least one sample reser voir bdng connected to the third channel; 

at least a first and second waste reservoirs, the first waste reservoir being connected to the 
second channel, and the second waste reservoir being connected to the third channel. 

45. A oucrofiuidic device comprising: 

IQ a body structure having an interior pcation and an esOerior portion; 

a first channel <fi^)osed in the interior p<»tion; 

at least a first sample preload module in fiuid communicatiott with (he first channel, the 
preload module comprising: 

a first saitqile loading chazmel intnsecting the first chaimei at a first intersection, a first 
15 plurality of sample reservoirs in fiuid communication with the first sample loading channel; and 

a first load/waste reservoir in ccmmiuiucation with the first sample loading channel between 
the first pIurallQr of sample reservoirB and the first intersecdon. 

46. The miciofluidic device of claim 45. forther comprising at least a second sample preload 
20 module in fiiud commtmication with the first ciumnel, the second preload module comprising: 

a second san^ile loading channel intosecdng the first channel at a second intusecdon, a 
second plurality of sample reservoirs in fiuid communication with the second sample loading channel; and 

a second load/waste reservoir in communication widi the second sample loading channel 
between the second plurality of sample reservoirs and the second intersecdoo. 

25 

47. The microfluidic device of claim 46, \^erein the first and second intersections are located at 
a common point along die first channel. 

48. Tlie microfiuidic device of claim 46. wherein die first and second sample loading channels 
30 ace colinear. 

49. A mediod of analyzing a plurality of samples, comprising: 
a) providing a microfiuidic device that comprises: 

a body structure having an intni^^portitm and an exterior portion; 
35 at least first* second and third microscale channels disposed in the interior portion, 

die second channel intersecting the first channel at a first intersecticui. and the third channel intersecting the 
first channel at a second intersection; 
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a plaralily of sample reservoirs disposed in the body stnictuze» esxh of the sample *' 
reservoiTS being coimectBd to the soGood c hanne l; 

at least a fim waste reseivcnr connected to the timd channel; 

b) transporting a sample mat^ial from a first of mid plurality of sample reservoirs 

3 through the second ^^ bgntwl, through the first and second inteimitions, into the third channel, toward the first 
waste reservoir; 

c) injecting a portion of said sample material at the first tniosection into the first 

channel; 

d) transporting the pottion of llxst sample material along the fustchannel; and 
10 e) analyzing die portion of first sample material in the aoalysia channeL 

50. The method of claim 49, fiirth^ comprising reseating steps b) (hrough e) with sample 
material tern at least a second of die plurality of sample reservoirs. 

15 5L The method of clmm 49, further comprising repeating steps b) through e) with sample 

material ftom each of the plurality of sample reservoirs. 

52. The method of claim 49, wherdn: 

the microfluidic device intavided in the providing step fuidw comprises at least a fourth 
20 chaP"*'^ conneciing a second waste reservoir to the mond channel by a loadAvasto channel at a third 
inters^nion, the third intersecdoa being located on the second channel between die plurality of sample 
reservoirs and the first intersection; and whmin 

the step of transporting sample material from a first sample reservoir to the first intersection 
comprises first transporting the sample materiid throng the second channel to the third intersection and into 
25 the fburth channel toward the second waste res^oir. 

53. The method of daim 52« wherein the step of transporting sample material fi^om the first 
sample reservoir to the first intersection comprises transporting material at the third intersection through the 
second channsl and into the first intersection. 

30 

54. The method of claim 52, wherein the step of transporting sample mafierid from the sample 
reservoir ctnxqirises electrokinetically moving the sample material from the sample reservoir to the first 
intersection. 

35 55, The method of claim 54« whoein the step of electrokinedcally moving comprises applying a 

voltage gradient between the sample reservoir and the first waste resoiroir to move the sample material 
througjh the first and second intersection^ into the third channel and toward the first waste reservoir. 
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56* The method of claim 54» whmin: 

in the providing st^ the fost and second intersections axe located at a conuDon point on the 

first channel; and 

fUftiwr oonqmaing electroldnetically pinching dxe fint sample material m the first and 
second intetsecttons. 

57. The method of claim 52, whmin the step of transporting the portion of the sample matoial 
through the fustdumne] further comprises the step of electrokinetically transporting the sample material in d)e 
second and third channels away from the first and second intersections, respectively . 

58. A method of separating component elem«its of a sample material, compriring: 

a) providing a microfluidic device that comprises: 

a body structure having an interior portion and an exterior portion; 

at least first, second and third miaroscale channels disposed in the interior portion* 
the second channel intersecting the first channel at a first intersection* and the third channel intersecdng the 
first channel at a second interaectiott; 

a plurality of sample reservoirs disposed in the body structure, each of the sample 
reservoirs bdng ccmnected to the second dxannd; 

at least a first waste reservoir connected to the durd<:luumel; 

b) transporting the sample material from a first of said plurality of sanq>le reservoirs 
duou^ the second channel, through the first and second mtersections, into die third charmel, toward the first 
waste reservoir; 

c) injecting a pordon of the sairiple material at the first int^secdon into the first 

channel; 

d) transporting the sample material along the first channel to separate the component 
elements of the sample material. 

59. The method of claim 58, whmin the providing step further comprises proWdtng a separation 
medium in at least tlie ivst ciiannel. 

60. The method of claim 59, wherein the step of tranaporting sample material from the fn^t 
sample res^oir ccmiprises applying a voltage gradient between the sample reservoir and die first waste 
reservinr. 

61. The method of claim 58, further comprising the step of detecting die separate component 
elements of the sample material in the first diannel. 
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62. Ths use of B micTOfluidtc device according to any one of claims 1« 44» 45 or 46, in separating 
and detecting componBixt elements of the sample materials. 

63. The use according to claim 62. wherein the componenc elemmts of the sanqHe matmals 
5 comprise nucleic acids. 

64. The use accoidiDg to claim 62, wherein the oon^xment elements of die sample materials 
comprise proteins. 

10 65. A microflutdic device, comi»ising: 

a body structure comprising an exterior portion and an interior portion; 
an analysis chaimet dispt^ed in said interior pordon; 

a sample loading channel disposed in said interior porticm and in fluid communication and 
crossing said analysis channel at a first intersection; 
15 a plurality of sample sources in fluid communication with said sample loading channel, 

whereby diece is at least one of said plurality of san^ile sources m fluid communieatiott with said sample 
loading channel on each side of said first intersection: and 

first and second load^vasle channels disposed in said interior portion, each of said first and 
second load/waste channels intersecting said sample loading chaimel at second and third intersections, 
20 respectively, said second and third intersections being on different sides of said fiist intosection. 

66. A microfluidic device^ comprising: 

a bodty structure havmg an exterior portion and an interior portion; 
an analysis channel disposed in said interior portion; 
25 asample loading channel disposed in said interior portion on a first side of said analysis 

cfaanoeU and intersecting said analysis channel at a first intersection; 

a plurality of sample feservoirs in fluid communication with said sample loading channel on 
a first side of said first intersection; 

a waste channel disposed in said interior portion on a second side of said analysis channel, and intersecting said 
30 analysis channel at a second intersection; and 

a waste teservoir in fiirid communication with said waste channel on said second side of said 

first intersection. 

67. A microfiuidic device, comprising: 

35 a body stractuie having an exterior pordon and an intericsr portion; 

an analysis channel disposed in said interior portion; 

a ^mple leading chaimel disposed in said interior portion and intersecting said analysis 
channel at a first itUersection; and 
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a sanqile preloading module which comprifies a pluinlify of sa^ " 
leservoir disposed in said body structure, wboeiii each of said plurality of sample reservoiTs and said waste 
reserv^MT arc in fluid conununication with said sample loading channel on a same side of said first intersection. 

68. A micToflnidic system, ccm^nrbing: 

abody structure having an exterior portion and an interior portion; 
an analysis duamel disposed in said intraior pntion; 

fust and second transverse chaimels disposed In said interior portion, said first transverse 
channel bdng disposed on a fbst side of said analysis diannei, and intersecting said analysis cbannd at a first 
Intersection, and said second tratssverse channel being disposed on a second side of said analysis channel, and 
intersecting said analysts channel at a second intersection; 

a first sanqile source disposed in said body structure in fluid communicatiott with said first 
transverse chanroU 

at least a second sample soiirce disposed in said body structure in fluid communication with 
said second transverse chaimel; 

a first waste chaime] disposed n said inetrior portion intersecting said first transverse channel 
at a third intersection; 

at least a seccmd waste cliannel disposed in said intmor portion inCersecting said second 
transverse chaimel at a fourth intersection; and 

a material dhection system for individually transporting a sample from each of said first and 
^cond san^le sources to said first and secoitd waste channels via said first and second transverse channels, 
respectively, and selectively injecting said samples into said analysis channel. 

69. A microfhii^c system, comprising: 
25 a body structure having an interior portion and an exterior pcnrtion; 

an analysis channel disposed in said interior portion; 

first and second transverse channels disposed in said interior portion, said first transver^ 
channel being disposed on a first side of said analysis channel, and intersecting said aiudysis channel at a first 
intersection, and said second transverse channel being disposed on a second side of said analysis dumnel, and 
30 intersecting said analysis channel at a second intersection; 

a plurallly of sample soinces in fluid cmrmnmicadon with said first transverse chaimel; 

a first waste chamiel disposed in' said interior portion and intersecting said first transverse 
<diannei at a third inlerseetitm; 

at least a second waste channel disposed in said interior portion and intersecting said second 
35 transverse channel at a fourth intersection; and 

a material direction system for individually transporting a sample from each of said first and 
second sample sources to said first and second waste channels via said first and second transverse channels, 
respectively, and sdectively injecting said samples into said analysis channel. 
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70. A micfoflttidic device, cnmiprising: 

a body stmcdne hving an exterior poxtion aod an intericff portion; 
an analysis channel disposed in said interior poition; 
5 a sample loading channel disposed in said interior portion and intosccdng and in fluid 

communication with said analysis channel; and 

a plurality of sample sources in fluid communication with said sample loading channel. 

71. A mediod of analyzing a plurality of different mmple materials, comprising: 
10 providing a microfhiiAc device which comprises: 

a planar body structure having an exterior portion and an interior portion; 
an analysis charmel disposed in said interior portion: 

a sample loading channel disposed in said interior portion and intersecting said 
analysis channel at a first intersection; and 
15 a plurality of sample sources in fluid communicadoa with said sample loading 

channei; 

tran^mrting a first sample from a first of said plucali^ of sample sources, through said 
sample loading channel to said first intersection; 

injecting a portion of said first sample into said analysis chaimel; 
20 analyzing sud pordon of said first sample in said analysis channel; 

transporting a second sample from a second of said plurality of sample sources through said 
loading channel to said intersection; 

injecting a portion of said second sample into said analysis chaimel; and 
analyzing smd pordon of said second sample in said analysis channeL 

25 

72* A method of performing analysis on a plurality of different sample materials, comprising: 
providing a microfluidic device which comprises: 

a body structure having an interior portion and an exterior portion; 
. an analysis channel disposed in said interior portion; 
3Q a sample loading chaimel disposed in said interior portion and intersecting said 

analysis channel at a first intersection; and 

a sample preloading module which comprises at least first and second sample 
leservdrs and a waste reservoir disposed in smd body structure, viimin each of said plurality of sample 
reservoirs and said waste reservoir are in fluid cmnmimicadon with said sample loacUng channel; 
35 transporting a first sample from said first sample reservoir to said first intersection; 

injecting a portion of said first sample into said analysis channei; 
concurrently analyzing said portion of said first sample in said analysis channei, and 
transporting a second sample from said second sample reservoir into said loading channel and then to said 
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waste icservoir, 

transportiiig said second sample finom said loading cfaanndi to said intoscction; 
injecting a portion of Kud second ^mple into said analysis channel; and 
analyzing said portion of add second sample in said analysis channel. 

5 

73. A midofluidic device, comprising: 
a body sintctuze; 

an analysis channel disposed within the body structuxe; 

aplurality of sample sources disposed in the body structure* each sample source being in 
10 fluid communication with a Arst point in the analysts channel via one or more sanqale channels; and 

whoein achannel distance between a fust of the plinnlity of sample sources and the point in 
the analysis channel, is substantially equal to a chaimel distance between a second of the plurality of sample 
sources and the point in tlie analysis diannel 

15 74. A nii(»ofluidic device, canonising: 

a body stroctme; 

an analysis channel disposed in the body structure 

a first sam^ introduction channel disposed in the body stmcture, and intexsectzng the 
analysis channel at a first point; 
20 a first plurality of sample sources disposed in the bo<l^ structure, each of the first plurality of 

sample sources in fluid commimication with the first sample introduction channel via a first plurality of 
separate sample channels di^iosed in the body stiuctuie« respectively* wherein a channel distance between a 
first of die first plurality of sample sources and the firstpoint is substantially equal to achannel distance 
between a second of the plurality of sample sources and the fiist point 

25 

75. A microfluidlc device, comprising: 

a body structure having an exterior portion and an interior portion; 
an analysis channel disposed in said tnt^or portion; 

a sample loading channel disposed in said interior portion and intersecting and in fluid 
30 communication with said analysis chaimel; 

wherein said analysis channel and said sample loac&igchannds have a width of less than 50 



^m; and 



a plurality of sample sources In fluid .commuiucation with said sample loading channel. 



35 76. A method of manufacturing a tmcrofluidic device, comprising: 

fabricating a plurality of channels in a first planar surface of a first substrate, the plurality of 
chaimels defining: 
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an analysis channel* a sample loading channel disposed on a first side of said anidysis 
channeL and intersecdng said analysis chaimel at a first intersection; 

a plisality of sample channds incosecting said sample loading channel on a first side of sud 

fiist intetsection; 

a waste channel disposed on a second side of said analysis channel, and intersecting said 
analysis channel at a second inlerseciion; 

overlaying a second planar substrate on the planar surface of the first substrate to seal the 
plurality of channels, die second planar substrate having a plurality of ports disposed thertfhrough. the pluraii^ 
of ports comprising two ports in communication with opposite ends of the analysis channel, a waste p(»t in 
conunmumcation widt an un intwsect ed terminus of the waste chanaclt and a plurality of sample portseach ui 
separate communieation with the uninteisectBd termini €3i die sample charmels. 

77. The use of a microfiuidic device having an analysis chazmel disposed therein* a sample 
loading channel intersecting the analysis channel at a first Intersection and a plurality of sample sources in fiuid 
conununicadoo with the sample loading channel, for analyzing each of the piurali^ of samples. 

78. A kit for analyzmg component ^metds of a sample, comprising: 
a microfhiific device of claim 1 ; and 

separation medium packaged together with instructions fcH* their use in s^mrating ctnnponent 
elemeniB of a sanqde. 
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